SUMMARY
The equations of motion for a two-segment deploying telescopic beam are derived through application of Lagrange's equation.
The outer tube of the beam is fixed at one end and the inner tube slides freely relative to the fixed segment.
The beam is one such mechanism, and the subject of this paper.
Problem Definition
Determination of the natural modes of vibration of a deploying two-segment telescopic beam at various stages of deployment is the specific problem addressed in this paper. The conceptual physical model is that of a non-uniform beam comprised of an inner tube sliding freely inside an outer tube which is cantilevered from one end. Figure 1 illustrates the physical model, with the beam in a partially deployed configuration. Both tubes are considered to be thin-walled, and their diameters are sufficiently large compared to the wall thickness so that the two tubes can be considered to have the same flexural rigidity (I), area (A), and mass per unit length(m).
The natural vibration frequencies and mode shapes of this model are to be determined for several stages of deployment between 0% and 100%. The velocity vector of A is then given by:
Then The kinetic energy of the system can now be determined as
The strain energy and virtual work quantities can be expressed as
1 LF t'O2v_2
wherepy andp_ are external distributed loads.
It should be noted that in the above equations, 
Equations for the Fixed Segment:
The above equations are directly applicable to the fixed segments with the modification that the quantity u is defined without the deployment velocity UD, i.e.
.& u = u, -_(v-_+ v_+ w_-+ w_)
Characteristic Equations
For the purpose of determining the modal characteristics, the above equations of motion are reduced to a quasi-static form by dropping the deployment velocity related terms and all nonlinear terms to yield The general solution above is applicable to each of the segments to yield Control design for such a system would be made more difficult by virtue of the increased modal density and near coalescence of certain of the modes. E o26.
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